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/Foley, Paul P. Validation of the Armed Services Vocational Aptitude Battery (ASVAB) has been considered necessary for each Class "A" school and with introduction of each new ASVAB form. Scientific litrature has presented evidence that variability in observed validity coefficients across studies may be attributable to a numbr of fetors and the need for revalidation of the AS^AB may be unnecessary. If validity coefficients could be generalized from one Navy Class "A" school to a number of related schools, the Navy could save substantial costs in revalidating the ASVAB.
Results obtained from three sets of analyses confirmed the generalizability of validity coefficients across a wide range of Class "A" schools for each of the four selector composites investigated. The results will be used to estimate validity coefficients of the ASVAB in the future thus eliminating the cost of a new study. Validity generalization results obtained were comparable to those reported in the literature for similar studies. r SUMMARY PROBLEM Personnel psychologists have traditionally considered it necessary to validate the Armed Services Vocational Aptitude Battery (ASVAB) for each Class "A" school and for each new test form. In addition, they perform validation studies as needed by particular schools for specific reasons, such as a sudden increase in student attrition or a curriculum change. However, the recent scientific literature has presented strong evidence that most of the variability in validity coefficients among various studies is artifactual. That is, the variability in observed validity coefficients across studies may be due to factors such as sampling error, criterion unreliability, test unreliability, and restriction in range of ability. The long-standing belief in the situational specificity of validity coefficients has been called into question. If predictive validity coefficients, rather than being specific, could be generalized across a wide range of jobs, tasks, and situations, the Navy could save substantial costs in revalidating the ASVAB.
OB3ECTIVES
' ' "
The objectives of this research were to determine whether validity coefficients are generalizable (1) across studies conducted within individual Navy ratings, (2) across all Navy ratings, and (3) across ratings within systematically formed rating families. A secondary objective was to assess the usefulness of different systems for forming families of ratings.
APPROACH
The present study used the Basic Test Battery (BTB), predecessor of the ASVAB, because more validity data were available for the BTB. The research analyzed validity coefficients of four BTB selector composites used for predicting final school grades in 90 Class "A" schools. To investigate the generalizability of these coefficients, three analyses were conducted: (1) on distributions of six or more validity coefficients that had been calculated for the operational BTB composite in 16 schools, (2) on validity coefficients for all Navy ratings, and (3) on validity coefficients obtained for ratings that had been systematically formed into families. Two validity generalization procedures were compared, one in which the mean of each distribution of validity coefficients was corrected for range restriction and criterion unreliability, and one in which the validity coefficients were individually corrected.
The utility of a rating family for classification purposes was inferred by the extent to which it reduced variability of validity within systematically formed rating families as compared to all Navy ratings combined and to randomly formed rating families. It was hypothesized that variability would be smaller for systematically formed rating families.
RESULTS AND DISCUSSION
Results obtained from the three sets of analyses confirmed the generalizability of validity across a wide range of jobs for each of the four BTB composites. Validity generalization results obtained using two different procedures were comparable to those reported in the literature for BTB tests. Correcting validity distributions for sampling error alone (mean observed validities corrected for range restriction) is useful because validity coefficients individually corrected for restriction in range are not generally available.
Vll r
The average variability of validity coefficients for systematically formed rating families was smaller than for all Navy ratings and for randomly formed rating families, as hypothesized. The differences, however, were not great in the sense of significantly moderating the variability of validity coefficients, nor was any one grouping system uniformly more effective than any other. o r c j
CONCLUSIONS AND RECOMMENDATIONS i /
The limited effect of the three systematically formed rating families in moderating the variability implies that a simplistic strategy for grouping ratings into families may be as effective, in terms of vaUdity generalization results, as the more expensive and complicated task analysis.
The apparent similarity of the BTB to the ASVAB implies that these procedures will also prove useful in the analysis of ASVAB data. It is recommended that a data base similar to that of the BTB be developed for the ASVAB. Results of applying validity generalization procedures to ASVAB data base would be used to (1) estimate the validity of selector composites before validation data are available, (2) assess the need for a revalidation of selector composites, and (3) suggest ways of combining criterion data from small Class "A" schools to provide samples of sufficient size for validation. 
INTRODUCTION
Background
All the United States military services use the Armed Services Vocational Aptitude Battery (ASVAB), composed of 10 tests, as their primary instrument to select and classify enlisted military personnel. The services use the Armed Forces Qualification Test (AFQT), a composite of four ASVAB tests, to determine eligibility for enlistment. In addition, the Navy uses 11 different composites (of two, three, or four tests) to assign personnel to Class "A" technical schools and to predict their probability of successfully completing technical training.
Since new forms of the ASVAB were introduced in 198^^, it has been necessary for the Navy to validate all its selector composites derived from the new forms. These composites are validated against school performance measures (final school grade in lockstep courses and time-in-training in self-paced courses) for more than 100 Navy "A" schools.
Although it is important that the validity of the new ASVAB forms be determined shortly after they are implemented, the process usually takes at least 2 years. Sufficient enlistees must be tested with the new forms and complete recruit and Class "A" school training, and a validation study must be completed. Some Navy schools are never included in routine validation studies because samples from them are too small to permit meaningful analysis. In addition to studies conducted when new ASVAB forms are introduced, ASVAB validation for individual "A" schools is occasionally needed for specific reasons, such as dramatic increases in student attrition rate, changes in school curriculum resulting from changes in the Navy occupation or method of instruction, merging of ratings, and creation of new ratings.
Problem
Validity studies, whether conducted for a large number of Class "A" schools or an individual school, produce costs for the schools providing the performance data, for the Chief of Naval Education and Training who supplies computer files containing ASVAB scores, and for the Navy Personnel Research and Development Center (NAVPERSRAND-CEN), where the separate data bases are merged, analyses conducted, and reports documenting the findings produced. Although the average cost of a Navy validation study has not been determined, based on survey data, Outerbridge (1979) estimated the cost of a typical validation study at more than $25,000 and sometimes at more than several hundred thousand dollars.
Personnel psychologists believe that validation and revalidation of the ASVAB for individual Navy schools is required because test validity is situationally specific, that is, a selector composite valid for one "A" school is not likely to be valid for another. Accordingly, empirical validation of selector composites for each individual Class "A" school has traditionally been considered necessary to establish that a selector composite is effective for assignment to that school and, if there has been a change in curriculum, that the selector composite is still valid for the redesigned course. Researchers have observed the substantial variability in validity coefficients of predictor tests across studies, even across studies for the same school or job and selection test. Schmidt and Hunter (1977) and their colleagues have presented strong evidence that most of this variability is due to statistical artifacts. Accordingly, they have developed validity generalization analysis as a method for determining the extent to which "true" validity coefficients, those with their artifactual variance removed, vary across studies.
They identified the four major sources of artifactual variance as (1) sampling error, (2), differences among studies in criterion unreliability, (3) differences in test reliability, and {^■ ) differences in degree of range restriction. They identified three additional sources of artif actual variance, (1) differences in criterion contamination and deficiency, (2) computational and typographical errors, and (3) differences in factor structure among tests purporting to measure the same construct. Validity generalization analysis consists of correcting the observed variability in validity coefficients for the first four sources of artif actual variance; there is no adequate way to correct for the latter three.
In the terminology of Schmidt and Hunter, combining the first four sources of artifactual variance yields the predicted variance, which, when subtracted from the total observed variance, in turn yields the residual variance. If residual variance is essentially zero, the hypothesis of situational specificity may be rejected and validity generalization accepted. The mean and standard deviation (SD) of the distribution of true validity coefficients are obtained by correcting the mean and SD of this residual distribution for criterion unreliability and restriction in range. For each distribution, the estimated SD of the distribution of true validities is multiplied by 1.2816 , that point on the abscissa of the normal curve below which 90 percent of the area lies, and this value is subtracted from the estimated mean true validity. One can then conclude, with 90 percent confidence, that true validity is at or above this value.
Schmidt, Hunter, and their colleagues conducted many studies (e.g., Pearlman, Schmidt, & Hunter, 1980; Schmidt, Hunter, &: Caplan 1981) indicating that 70-80 percent of the observed variance in validity coefficients can be accounted for by the four statistical artifacts for which it is possible to correct. Their findings led them to conclude that differences among jobs, tests, and organizational settings moderate validity coefficients much less than had previously been thought. Pearlman (1982) also studied the effects of different job grouping strategies on validity generalization outcomes data taken from the predecessor to ASVAB, the Navy Basic Test Battery (BTB). He used validity coefficients for six BTB tests (general classification, arithmetic, clerical, mechanical comprehension, shop practices, and electronics technician selection), computed for 300 school samples in 61 Navy ratings. Four types of job descriptors were used to group ratings into families. Pearlman found in every case that a test valid for some ratings in a family was also valid for the others. These results confirmed earlier findings that suggested that test validities are generalizable not only for individual Navy "A" schools and ratings, but also across a large sampling of "A" schools representing a wide variety of ratings.
Validity generalization has several implications for the Navy's validation work on the ASVAB. It could provide the rationale for combining small Class "A" schools with others in related occupational fields to obtain samples large enough for meaningful analysis. In addition, validity generalization procedures could provide evidence of validity for a new test known to be parallel or similar to an operational test, and thereby justify implementation of the new test before validation. Finally, if validities generalize across ratings, there would be less need for separate validation of each "A" school; research resources could be reallocated to other problems of the Navy personnel and classification system.
Objectives
APPROACH
Data Sources
This research used the data analysis procedures developed by Pearlman and his colleagues (Pearlman et al., 1980; Pearlman, 1982) . Pearlman (1982) investigated validity generalization for single BTB tests; the present research used validation data for four BTB selector composites used to make school assignments. Data were taken from the same sources that Pearlman used: Naval Personnel Research Activity (1961), Thomas and Thomas (1965, 1967) , Thomas (1970), and Swanson (1977) .
Variables Predictors
The predictor variables consisted of the four BTB selector composites, general technical (GT), mechanical (MECH), electronics (ELEC), and clerical (CLER), each of which is composed of two or three tests (see Table 1 ). Because of the high similarity of the general classification and clerical tests across forms, validity information for GT (composed of the general classification and arithmetic tests) and CLER (composed of the general classification and clerical tests) was obtained from both Forms 6 and 7 of the BTB.
The arithmetic tests, although not identical across forms, were considered sufficiently similar to be treated as the same test. Validity information for MECH and ELEC was drawn exclusively from BTB Form 7, because the shop practices and electronics technician selection tests were not included in Form 6. A description of the test content is provided in Appendix A.
Criterion ' -
The criterion for each validation study was final school grade (FSG). It varied from school to school, but was generally based on periodic quizzes, performance measures, and a final examination. Grades ranged from 63 to 99.
Samples
Validity coefficients from 90 ratings were compared for GT, MECH, ELEC, and CLER (see Appendix B). Three different subsets of those 90 ratings were used to investigate validity generalization:
1. Across studies within individual Navy ratings.
2. Across all Navy ratings.
3. Within systematically formed rating families.
The first subset was comprised of ratings that had six or more validity coefficients for the operational composite used for selection. Ratings that had validity information from BTB Form 6 for the MECH and ELEC composites were not used. The second subset included all Navy ratings except for those that could not be placed into occupational groups. The third subset was composed of ratings which could be placed into one of the occupational groups of the three systematically formed rating families. Some ratings could not be placed into occupational groups and were eliminated from the systematically formed rating families as well as the all Navy rating subset.
Analyses of Validity Generalization
Validity generalization was investigated by two procedures that estimate the mean and SD of distributions of true validities: mean corrected validities (MCV) and individually corrected validities (ICV). In the first procedure, the mean of each distribution was corrected for range restriction and criterion unreliability. In the second, the validities were individually corrected for these sources of error. The MCV procedure corrects observed variance for sampling error only, while the ICV procedure corrects for range restriction differences among studies, as well. The purpose of using both was to evaluate the MCV procedure for use in situations where data necessary for the ICV procedure are not available. An explanation of each procedure and worked examples are provided in Appendix C.
Within Ratings
For each of the 16 ratings used, a distribution of coefficients was drawn from at least six validity studies (see Appendix D). Validity generalization was investigated for ratings that used both the MCV and ICV procedures. Composite validities were considered generalizable across studies if the 90-percent-credibility value was substantial and exceeded zero.
Across All Navy Ratings and Within Rating Families
To investigate validity generalization across all Navy ratings, validities for the ratings were pooled into one heterogeneous group. To investigate validity generalization across ratings within families, ratings were grouped using three different job family systems (see Appendix E). These job family systems were based on (1) the 9 occupational groups of the Navy Occupational Handbook (NOH, U.S. Navy, 1966), (2) the 20 occupational groups of the Navy's official classification manual (CLASSMAN, U.S. Navy, 1975) , and (3) the 't occupational groups formed according to the BTB selector composites (BTBFAM) used for "A" school assignment. For a rating family system to be useful for selection, the variability in validity coefficients within a systematically formed family should be smaller than that observed across all Navy ratings and smaller than the variability observed within randomly formed groups of ratings. Accordingly, and based on previous related research (Pearlman, 1982) , it was hypothesized that the estimated true SDs of validities observed within rating families formed using job family systems would be smaller than the SDs for all ratings combined and for those within comparable randomly formed rating families. However, these differences would not significantly moderate validity variability, that is, produce different validity generalization conclusions for rating families than for all ratings combined. ^ A series of random rating families were formed so that each randomly formed job family system had the same number of groups as each of the systematically formed rating family systems. For example, the NOHFAM rating family system is made up of nine occupational groups, so the corresponding random system was also made up of nine groups. The number of groups in an analysis of variance influences the within-group variance; the within-group variance decreases in relation to the between-group variance as the number of groups is increased. Making the number of groups the same for the systematically and randomly formed job family systems made it possible to observe the effects of different substantive systems on validity.
RESULTS AND DISCUSSION
Validity Generalization Within Ratings
As shown in Table 2 , results yielded by the two different validity generalization analysis procedures were highly similar across studies conducted within ratings. This result was especially evident from comparison of the sample weighted means for the two procedures. Substantial mean true validities and 90-percent-credibility values were obtained using both validity generalization procedures for all 16 of the ratings. In no instance did the credibility values include zero. The mean true validities ranged from .33 to .87 for the MCV procedure, and from .33 to .78 for the ICV procedure. The 90-percentcredibility values ranged from .2^* to Jk for the MCV procedure, and from .21 to .72 for the ICV procedure. One can be 90 percent certain that in future validation studies, the validity coefficient for the SM rating, for example, will not be zero nor will it be lower than .2k (MCV) or .21 (ICV). The best estimate of the validity in a future study is .33. See Appendix B for full names of ratings. Credibility value.
Q
Means weighted according to sample size.
As shown in Table 3 , the estimated true validity coefficients for each of the four composites ranged from .k3 for the CLER composite to .69 for the ELEC composite based on MCV, and from .53 to .62 respectively based on ICV. The 90-percent-credibility values ranged from .28 to .51 for the MCV procedure and from .40 to .48 for the ICV procedure. These results support validity generalization for BTB composites across the diverse ratings used in the analyses. In all instances the "true validity" was in a positive range; none of the 90-percent-credibility values included zero. These results support generalizability to other Navy jobs from which these ratings were drawn.
The findings in Table 3 also support findings from earlier work. The mean true validity, SD, and 90-percent-credibility value (for ICV) averaged across the four BTB composites (of two or three tests) were .57, .11, and .43, compared to .46, .10, and .33 averaged across six BTB tests reported by Pearlman and Schmidt (1981) . Both results were similar to the values of .45, .11, and .30 reported by Schmidt, Hunter and Pearlman (1981) , which were obtained by averaging across all the subtests of the Army Classification Battery. corrected the mean true validities for range restriction but not for criterion unreliability. 
Validity Generalization Within Systematically Formed Rating Families
The lowest credibility values for the 120 validity distributions within rating families (see Tables ^, 5 , and 6) are .13 and AH (Table 5 , for the MECH composite). Aside from this exception, the credibility values are substantial; in no distribution does the credibility value include zero. These results indicate the generalizability of validity for the four BTB composites across ratings within job families formed using three different job family systems. In addition, validity generalization results based on MCVs were very similar to those based on ICVs.
Usefulness of Different Rating Family Systems
The estimated SDs of true validities were obtained by using the ICV procedure for each of the four BTB composites averaged across the systematically formed rating families (see Table 7 ). For example, the value for the NOHFAM for the GT composite is .091; this value is the average SD (weighted by N samples) for the nine NOHFAM rating families. The values in parentheses were calculated in the same way for the randomly formed rating family systems. The last row of Table 7 contains the true SDs (see the last row of Table 3 ) obtained for all Navy ratings combined, while the last column contains the average estimated true SDs averaged across BTB composites. The utility of a rating family for classification purposes is indicated by how much it reduces (1) variability of validity within rating families compared to that observed across all Navy ratings, and (2) variability compared to that observed within randomly formed rating families.
As shown in Table 7 , the weighted average SDs of true validities for each of the four BTB composites were smaller for the substantive rating families (NOHFAM, CLASSFAM, and BTBFAM) than for all Navy ratings combined. Overall, however, the differences were rather small. The largest difference was for the MECH composite in the CLASSMAN families (.079 -.118 = -.039), while the smallest difference was observed for the GT composite in the BTBFAM families (.096 -.098 = -.002). The average SDs for the substantive rating families were also smaller than for the corresponding randomly formed families, but overall the differences were small.
The largest difference between substantive and random values was for the MECH composite in the BTBFAM system (.097 -.118 = -.021), while the smallest was for the CL composite in the BTBFAM system (.088 -.088 = .000). Thus, these results supported the hypothesis that the SDs averaged across occupational groups of substantive rating families would be smaller than for all Navy ratings combined and the average for groups of random ratings. The differences, however, were not great in the sense of significantly moderating the variability of validity coefficients. Nor was any one grouping system uniformly more effective than any other. Table 8 shows the data in Table 7 in the form of relative rather than absolute differences. Column 1 for the NOHFAM GT composite shows the variance (the square of corresponding SDs from Table 7 ) as a percentage of variance for all Navy ratings combined (.091)^ / (.098)^ = .86 X 100 = 86%.
Column 2 shows the comparable values for random groups of ratings (.092) / (.098) = .88 X 100= 88%. The difference column represents the reduction in variance attributable to substantive groupings of ratings beyond that which is due to chance.
The last three columns (Means) of Table 8 contain values averaged across BTB composites. For example, in Table 7 the difference between the average SDs for the NOHFAM and all Navy ratings is .016 (.109 -.093), equivalent to a 26 percent (100% -74%) reduction in variance attributable to the NOHFAM rating system. The corresponding reduction in variance for random groups was 16 percent (100% -84%). Of the 26 Please refer to Table 1 for full names of composites. Credibility value.
'Means weighted according to sample size. Please refer to Table 1 for full names of composites. Credibility value.
Means weighted according to sample size. 'Means weighted according to sample size. Official classification manual (U.S. Navy, 1975).
^BTB composites used for "A" school assignment.
If Table 8 Average Official classification manual (U.S. Navy, 1975).
"BTB composites used for "A" school assignment.
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percent reduction in variance observed for the NOHFAM, 16 percent was due to chance. Thus, 61 percent (16/26 X 100) of the 26 percent reduction in variance observed for the NOHFAM rating family can be attributed to chance. The 10 in the Difference colunnn refers to the amount of reduction in variance that is attributable to the NOHFAM rating family. Thus, 38 percent (10/26 X 100) of the 26 percent reduction in variance observed for the NOHFAM is attributable to the NOHFAM rating system.
A reduction of variance of ^3 percent (100% -57%) and 18 percent (100% -82%) was observed for the CLASSFAM and BTBFAM for values averaged across the BTB composites. This is the reduction in variance attributable to the CLASSFAM and BTBFAM rating systems as compared to the ungrouped Navy ratings. Of these reductions in variance, 36 percent and 5 percent respectively were due to chance. Thus S'f percent (36/if3 x 100) of the reduction in variance for CLASSFAM and 28 percent (5/18 x 100) of the reduction in variance for BTB can be attributed to chance. The Difference columns for CLASSFAM and BTBFAM show 7 and 13 respectively, the amount of reduction in variance attributable to these two rating family systems. The related percent reductions in variance attributable to CLASSFAM and BTBFAM are 16 percent (7/^*3 x 100) and 72 percent (13/18 X 100) respectively.
As can be seen in Table 7 , the CLASSFAM rating system reduced variability of validity for each of the four BTB composites more than either the NOHFAM or BTBFAM rating systems. The CLASSFAM system, averaged across composites in Table 8 , produced the greatest reduction in variance {i^3%) of all Navy ratings. However, 84 percent of this was attributable to chance. Overall, the three rating family systems showed no substantial differences in reducing variability of validity.
CONCLUSIONS AND RECOMMENDATIONS
The results of this study support the broad generalizability of validity data and the limited effect that the three systematically formed rating families play in moderating the variability of validity. These findings were similar to Pearlman and Schmidt's (1981; Pearlman, 1982) , who investigated 15 systematically formed rating families. Pearlman and Schmidt (1981) concluded that, ". . . simple, rational groupings based on the general content structure of jobs are equally useful as grouping derived by more complex, time consuming, and expensive methods." (p. 11) It is recommended that a data base of validity coefficients for ASVAB selector composites be developed that is similar to the BTB data base. This information will be used to (1) provide estimates of the validities of the ASVAB selector composites at the time a new ASVAB form is introduced and before it can be validated, (2) evaluate the need to revalidate a selector composite for a Navy rating when there is a curriculum change, a change in method of instruction, or the creation of a new rating, and (3) suggest ways of combining criterion data from small Class "A" schools with larger schools to provide samples of sufficient size for validation. 
APPENDIX C EXPLANATION AND WORKED EXAMPLES FOR TWO ESTIMATION PROCEDURES
C-0
Appendix C
Explanation and Worked Examples for Two Estimation Procedures
Both the mean corrected validities (MCV) and individually corrected validities (ICV) procedures provide estimates of the mean and SD of distributions of true validity coefficients. In the MCV procedure, the mean of each distribution was corrected for range restriction and criterion unreliability. In the ICV procedure, the validities were individually corrected for these sources of error.
An explanation of the validity generalization procedure used and a worked example are provided within each of the following sections. The data used for the worked examples (see Table C -1) is for the QM rating, which is the first rating shown in Table 2 in the text. The first procedure used distributions of validity coefficients that had not been corrected for restriction in range. The steps involved were as follows: of 11.55 (32151.26/2783) is the weighted average of restricted SDs for the six validity studies. The unrestricted SD of 13.75 for the CLER composite was developed from variances of subtests and their intercorrelation provided in Thomas and Thomas (1965) for BTB Form 6 and Thomas (1967) for Form 7. The technique (variance and sum of a composite) used for calculating the composite SD is provided in Guilford (1965, p C-2 5. The residual standard deviation was multiplied by the ratio (estimated mean "true" validity/mean observed validity) to provide an estimate of the standard deviation of the distribution of true validities (corrected for sampling error).
SD true validities = (.5018/.'tl'f) (.06172) = .072^8 6. 90-percent-credibility values were computed for each distribution by multiplying the estimate of the SD of the distribution of "true" validities by 1.2816 , that point on the abcissa of the normal curve below which 90 percent of the area lies, and subtracting this value from the estimated mean true validity.
(.0748) (1.2816)-.5018 = .41
Individually Corrected Validities (ICV)
This approach used distributions of validity coefficients that had previously been individually corrected for restriction in range. Qualifying scores for Class "A" school assignments vary across schools, but all have the effect of reducing the observed composite validities from what they would be for a full range population. For this reason, the observed validities are commonly corrected for restriction in range and the corrected values are typically reported in validity studies. The steps involved are as follows:
1. Each range-restriction corrected validity was corrected for attenuation due to criterion unreliability, producing an estimate of "true" validity shown in Table C -2. The assumed criterion reliability was .90. 
